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§ Through innovations in energy and environmental
policies, programs and technologies, the Southern
States Energy Board enhances economic development

*EN ERGY BO ARD and the quality of life in the South.
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SECARB Phase I

[l VirginiaTech
- Invent the Future
Coal Seam Project
Host Company: CNX Gas
Russell County, Virginia

YN

P Coal Seam Project

Host Company: El Paso E&P
near Tuscaloosa, Alabama

Stacked Storage Project Mississippi Test Site
Cranfield Test Site Mississippi Power’s Plant Daniel
Host Company: Denbury Resources, Inc. Escatawpa, Mississippi [ e

near Natchez, Mississippi —
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SECARB Phase Il

SECARB Early Test was
recognized by DOE for

CPE' ELECTRIC POWER
—_———
RESEARCH INSTITUTE

furthering CCS _ ‘ Anthropogenic Test
technology and meeting TERRTIR Y Ry

G-8 goals for deployment b i e " cam Capture: Alabama Power Plant Barry,
of 20 similar projects by - o 8 sucks, Alabama

2020. The Early Test is R e g T Transportation: Denbury Resources
the fifth project
worldwide to reach the
CO, injection volume
one million tonnes an
the first in the

Geo Storage: Denbury’s Citronelle Field
Citronelle, Alabama
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Early Test

Denbury Resources’ Cranfield Field
Near Natchez, Mississippi

Center



SECARB Early Large Volume Injection Test:

Cranfield Unit operated by Denbury Resources Inc

Depth >10,300 ft
Injection Zone — lower Tuscaloosa Formation
Injection rate>1 Million tonnes per year
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- Road

N\ Structure contour
top Tuscaloosa

Historic well

Injector

Producer
(monitoring point)

Observation Well

SECARSB Early Test
' Cranfield Field, Mississippi




Cranfield Geometric Overview
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Cranfield Early Test Monitoring: Detailed Area of Study

Obs

Closely spaced well
array to examine
flow in complex
reservoir

Confining
system




Characterization of the Reservoir
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Reservoir heterogeneity from
surface seismic

« Stratal slicing for facies

* 90-degree phase
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Crosswell ERT (Electric Resistance Tom
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Cranfield ERT Electrode Distribution N
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Nulled Background at Initiation Of Injection
(1 Dec 2009)

Operation
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Injector Workover Fluids?
(4 Dec 2009)
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Arrival of CO, Plume?
(9 Dec 2009)
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Growth Of CO, Plume?
(21 Dec 2009)
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Growth Of CO, Plume?
(11 Jan 2010)
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Growth Of CO, Plume?
(13 Jan 2010)
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Growth Of CO, Plume?
(5 Feb 2010)
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Growth Of CO, Plume?
(23 Feb 2010)
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Cross Well ERT — clues to how flow occurred

Two CO, flow pathways?

Operation
0 I50.0
[0)]
©
®)
=
3
N ¢ A 25.0
L [0)
— ™
[0) L
> 3
.5 = 0.000
e
E
®
(@)
5 =
) >
_Q | -
o) 3 -25.0
o ¥50ft
) @)
Injector
-50.0

Resistive plume = CO, in reservoir l!l_

Conductive plume = workover fluids?
Charles Carrigan, LLNL




Cross Well ERT tells us how flow
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Phase Ill Anthropogenic Test
Integrating Capture, Transportation and Storage of CO,

CO, Capture Unit at
Alabama Power’s Plant
Barry

12-mile CO, pipeline
constructed by
Denbury Resources

CO, Injection at
Denbury’s Citronelle
Field 2011-2013

SECARSB researchers
will monitor injection
and 3-years post
injection
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Geologic Overview for Plant Barry and Citronelle Field
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Proposed sequestration site is
on the southeast flank of the
Citronelle Dome

EXPLANATION

Normal fault;

bar on downthrown side

«—1— Anticline;
arrow indicates plunge
® saltdiapir

* Proven four-way closure

Contour interval = 250 ft

 No evidence of faulting or —
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Expected Reservoir Intersection Depths at Citronelle

Interval
Anticipated Depth Thickness

Formation Tops Feet Feet
Bottom of Fresh Water (<1,000 mg/l) ~ 1,000 1,000
Bottom of Potable Water (<10,000 mg/l) Max ~ 2,000 1,000
Selma Chalk Group 4,550 1,150
Eutaw Group 5,700 300
Upper Tuscaloosa Formation 6,000 700
Marine Tuscaloosa Formation 6,700 250
Lower Tuscaloosa Formation 6,950 300
Washita-Fredericksburg Undifferentiated 7,250 2,150
Paluxy Formation 9,400 1,100
Mooringsport Formation 10,500 250
Ferry Lake Anhydrite 10,750 200
Rodessa Formation (oil reservoir) 10,950 -




CO, Injection Monitoring Plan

CARB

Southeast Regional Carbon
Sequestration Partnership
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Model 3-D View of Citronelle Injection Site

Injector

(location of D9-7)

e 17 sand bodies from
geological model

e Average
permeability of 88
mD

e Average porosity of
19.3%

e I|dentical
permeability and
porosity in all layers
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Capture Unit at Alabama Power’s Plant Barry

MHI advanced amine
capture unit

. * 25 MW post combustion slip
CARB) stream

Southeast Regional Carbon
Sequestration Partnership

- Fabricate off-site and barge to
Plant Barry

» Compress CO, to 2000 psi

» Scheduled start up during
summer, 2011

N=TL - Separately funded
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mlified obi Amine

Treated Flue Gas Captured CO,

(Purity 00.0%)

v .

CW.

STRIPPER &%
—_—

FLUE GAS
COOLER

§ REBOILER

' Steam
hd sl
Key Points: needs >99% SO, removal; consumes process steam




Groundbreaking Ceremony: Capture Unit

Alabama Power’s Plant Barry, April 14, 2010, Bucks, Alabama
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Site Progress Photos (7-28-10)

|

P
i
;,

i

4

M

__.
i /
- A

-
=

= e )




Modular Transportation Photos (9-23-10)




Integration Questions

e What business relationships must be
established among the CO, provider,
transporter and injection field operator?

Sl CARB’ e How can a CO, transportation and injection
outheast Regional Carbon : . .

e system impact plant operations and
scheduling?

e How can cycling a plant on-line and off-line
. impact CO, transportation and injection?

&« e What types of communications and control
N=T|-§ systems are needed to support integration?

e How can lessons learned assist in scale up?
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